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Purpose: This work was conducted in order to study the intraocular lens (IOL) power predictability of
formulas provided by the American Society of Cataract and Refractive Surgery (ASCRS) website for
patients who had undergone myopic laser refractive surgery.
Methods: In this retrospective study, we analyzed 11 eyes (from nine patients) that had previously
undergone myopic laser-assisted in situ keratomileusis or photorefractive keratectomy and experienced
subsequent phacoemulsiﬁcation and posterior-chamber IOL implantation. Using the adjusted central K
(keratometry), axial length, and the SRK/T formula, we compared the original desired refraction to the
manifest refraction 1 month after cataract surgery. According to the postoperative manifest refraction,
we compared the IOL power calculated using the different methods on the ASCRS website.
Results: Before cataract surgery, the mean adjusted central K reading was 35.90 diopters (D) (range 29.24e
41.58 D), and the mean axial length was 28.53 mm (range 25.77e32.79 mm). Postoperatively, the mean
arithmetic refractive prediction error was 0.50 D (range 1.72 D to 2.33 D), and the mean absolute error
was 1.07 D (range 0.01e2.33 D). The most reliable method was the Masket method in combination with
the double K Holladay I formula. The predictability of the adjusted central K method and the Masket
method in combination with the single-K SRK/T formula was as precise as that of the modiﬁed Masket
method in combination with the double K Holladay I formula and the Shammas method in combination
with the Shammas-PL formula.
Conclusion: ASCRS offers the use of a postrefractive IOL calculator online, free of charge. The Masket
method in combination with the double K Holladay I formula is the best choice for IOL power prediction
after laser-assisted in situ keratomileusis or photorefractive keratectomy surgery. The adjusted central K
method is a convenient and effective strategy with which to correct central corneal power. However,
double K formulas designed for adjusted central K should be used for more accurate predictions of lens
position.
Copyright  2011, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Intraocular lens (IOL) power calculation after refractive surgery
is an emerging challenge to most surgeons. The corneal anterior
surface becomes much ﬂatter after photorefractive keratectomy
(PRK) and laser-assisted in situ keratomileusis (LASIK) for myopia.1
Due to the poor agreement of the actual values with those pre-
dicted by Gullstrand’s model after myopic excimer laser treatment,
standard keratometry and computerized videokeratography detectRoad, Taipei, Taiwan.
e Ophthalmologic Society of Taiwacentral corneal power inaccurately.2 As a result, hyperopia some-
times occurs after cataract surgery due to overestimations of
central corneal power. In third-generation theoretical formulas
(e.g., Hoffer Q, Holladay I, SRK/T), the postrefractive surgery K value
is used to estimate the effective lens position (ELP). These formulas
underestimate the ELP and IOL power, giving rise to a hyperopia of
approximately 1 to 3 D.3
IOL power calculations after refractive surgery depend on the
correct estimation of central corneal power and a formula with
good ELP prediction. Central corneal power can be accurately
measured using Scheimpﬂug cameras such as the Pentacam and
Galilei.4e6 Central corneal power can also be calculated with prior
laser correction to adjust the measured K value. For instance,n. Published by Elsevier Taiwan LLC. All rights reserved.
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Topography Modeling System (TMS; Tomey, Inc.),7 and adjusted
effective refractive power, as determined by the Eyesys Corneal
Analysis System (Eyesys Technologies, Inc.),8 can be used to correct
the K value after refractive surgery. Likewise, measurement of the
ﬁrst photokeratoscopic ring using videokeratography (central K
value) and adjustment for prior laser correction have been
proposed to provide a better estimation of actual corneal ﬂattening
after photorefractive surgery.9
Use of the double K method using prerefractive surgery K values
for ELP calculation and use of the postrefractive surgery K value for
calculation of the vergence formula minimize the ELP assumption
and thus reduce the development of hyperopia.3 Double K formulas
such as the double K Holladay I and double K SRK/T formula have
been proposed to evaluate ELP more precisely.10 Use of the Sham-
mas post-LASIK (Shammas-PL) formula avoids the need to use the K
value to predict ELP and does not require a double K correction.11
The American Society of Cataract and Refractive Surgery (ASCRS)
offers the use of a postrefractive IOL calculator online, free of
charge. These calculations are based on the double K Holladay I
formula. Providing that no online calculator is available, use of the
adjusted central K method in combination with the SRK/T formula
represents a valid alternative for IOL power calculation after
refractive surgery. In this study, we analyzed the refraction errors
after cataract surgery in patients who had undergone myopic laser
refractive surgery.We evaluated the reliability of these different IOL
methods.
2. Methods
From January 2008 through January 2009, we studied 11
consecutive eyes from nine patients who had undergone LASIK or
PRK for myopia and subsequently underwent phacoemulsiﬁcation
and posterior chamber IOL implantation. All cataract surgeries
were performed uneventfully by different experienced surgeons.
Eyes with retinal detachment, myopic maculopathy, or a history of
ocular surgery were excluded.
Manifest refraction and corneal power were measured using
an Autorefractor Keratometer (KR3000; Topcon, Tokyo, Japan)
before and after cataract surgery. Corneal power was alsomeasured
by computerized videokeratography (TMS-4; Tomey, Nagoya,
Japan). The topographic simulated keratometric powers (SimK) and
the power of the ﬁrst photokeratoscopic ring (Central K) were
assessed. Adjustment of the central K valuewas performedwith theTable 1
Demographic data of 11 eyes with previous LASIK/ PRK receiving cataract surgery.
Eye
No.
Age/Gender/
Laterality
Prior LASIK/
PRK
Correction
(D)
Axial
Length
(mm)
Surgical
approach
Corneal Astigmatism
Pre-OP Post-OP
J0 J45 J0 J45
1 49/F/RE 7.25 28.62 Superior 0.15 0.26 0.13 0.35
2 49/F/LE 8.75 28.39 Superior 0.51 0.09 0.47 0.1
3 43/M/RE 12.5 26.13 Temporal 0.18 0.03 0.24 0.20
4 43/M/LE 9.5 25.77 Temporal 0.23 0.20 0.43 0.2
5 45/F/LE 12 30.80 Temporal 0.14 0.17 0.16 0.09
6 46/F/RE 10 31.93 Superior 0.13 0.35 0.07 0.3
7 54/M/LE 10.5 32.79 Superior 0.30 0.05 0.31 0.05
8 49/F/RE 5 26.48 Temporal 0.22 0.11 0.31 0.0
9 33/M/LE 9 27.34 Superior 0.09 0.49 0.98 0.17
10 48/M/RE 9.5 27.28 Temporal 0.03 0.25 0.22 0.1
11 47/F/RE 14.5 28.34 Temporal 0.53 0.08 0.49 0.0
Pre-OP: J0: mean ¼ 0.03, standard deviation ¼ 0.29; J45: mean ¼ 0.01, standard deviat
Post-OP: J0: mean ¼ 0.18, standard deviation ¼ 0.40; J45: mean ¼ 0.01, standard devia
SIA: Surgically induced astigmatism was calculated by Jaffe method.
LASIK, laser-assisted in situ keratomileusis ; PRK, photorefractive keratectomy; IOL, intr
Adjusted central K method and single K SRK/T formula was chosen for IOL power calcullinear regression formula published in a previous study.9 Axial
length was determined by applanation ultrasound (PacScan 300AP;
Sonomed, Lake Success, NY). With adjusted central K, axial length,
and the SRK/T formula, we were able to determine the desired
refraction before cataract surgery. Prior laser correction (DMR) was
reported by the patients. We compared the refraction 1month after
cataract surgery with the original desired refraction. Corneal astig-
matism changes and the surgical approach taken to cataract surgery
werealso analyzed. For the vectorial analysis of corneal astigmatism,
we converted the minus cylindrical polar value [negative cylinder
power (C) and cylindrical axis (a)] to power vector values (J0, J45),
according to the following equations12: J0¼e½C cos 2a, where J0
represents Cartesian astigmatism; J45 ¼ ½C  sin 2a, where J45
represents oblique astigmatism. The accepted formula described by
Jaffe and Clayman13 was used to calculate the degree of surgically
induced astigmatism (SIA). The formula incorporating preoperative
and postoperative cylindrical polar values (Cpre-op, Cpost-op, apre-op,
apost-op) is as follows: [Cpre-op2 þ Cpost-op2  2Cpre-op ∙ Cpost-op 
cos(apre-op  apost-op)]1/2.
The IOL power prediction errors associated with different
methods were then compared. The IOL power associated with the
postoperative manifest refraction was calculated. The adjusted
central K value was used for the adjusted central K method. For the
other methods, simulated K values were used instead. IOL powers
in eyes that had previously undergone LASIK/PRK for myopia were
estimated using the online IOL calculator on the ASCRS website.
These methods include the (1) single K SRK/T formula: adjusted
central K method,9 Masket method1; (2) double K Holladay I
formula: clinical history method,14 FeizeMannis method,15 corneal
bypass method,16 Masket method,1 modiﬁed Masket method17; (3)
Shammas PL formula: Shammas method.18 If the predicted IOL
power was lower than the implanted IOL power, then IOL power
was underestimated, which resulted in postoperative hyperopic
shift.
3. Results
The demographic data for the 11 eyes that had undergone laser
refractive surgery for myopia are listed in Table 1. The mean prior
laser correction (DMR) was 9.86 D (range 5.0 to 14.5 D). The
mean axial length was 28.53 mm (range 25.77e32.79 mm). Based
on the adjusted central K method with a single K SRK/T formula,
four eyes had experienced a hyperopic shift of more than 1 D after
cataract surgery. Two eyes exhibited a myopic shift of more than 1IOL
model
IOL Power
Implanted
(D)
Desired
Refraction
before Cataract
Surgery (D)
Refraction
after Cataract
Surgery (D)
Refraction
Error from
Desired
Refraction (D)
SIA
0.18 SN60WF 16.5 1.63 1.34 0.28
7 0.18 SN60WF 16.5 0.66 0.67 0.01
0.48 SA60AT 20.5 1.60 1.14 0.46
5 0.40 SA60AT 18.0 1.52 0.62 2.14
0.16 SA60AT 16.0 1.10 0.62 1.72
7 0.39 SN60WF 9.5 0.70 0.55 1.25
0 MC50BD 13.5 2.54 2.83 0.29
1 0.26 SN60WF 19.0 0.78 0.12 0.65
1.90 SA60AT 22.5 2.00 1.00 1.00
3 0.45 SN60WF 21.0 2.81 0.87 1.94
9 0.09 SN60WF 19.0 1.94 0.39 2.33
ion ¼ 0.24.
tion ¼ 0.21.
aocular lens; D, diopter; M, male; F, female; RE, right eye; LE, left eye.
ation. All refraction was calculated in spherical equivalent.
Table 2
Intraocular lens power predicted to get postoperative manifest refraction (in Diopters) with different methods in 11 eyes.
Eye
No.
IOL Power
Implanted (D)
Single K SRK/T Formula Double K Holladay I Formula Shammas PL Formula
Adjusted
Central K
Method (D)
Masket
Method (D)
Clinical
history
Method (D)
Feiz-Mannis
Method (D)
Corneal
Bypass
Method (D)
Masket
Method (D)
Modiﬁed
Masket
Method (D)
Shammas
Method (D)
1 16.5 16.11 17.17 16.68 17.83 16.99 16.56 17.19 17.77
2 16.5 16.5 17.83 17.87 19.23 18.26 17.22 18.00 18.09
3 20.5 19.9 22.38 25.50 26.65 25.75 21.94 23.06 20.53
4 18.0 14.98 18.55 20.5 20.34 21.22 17.77 18.63 16.62
5 16.0 18.78 20.08 d d d 19.36 20.455 21.02
6 9.5 11.14 11.32 d d d 10.43 11.36 11.41
7 13.5 13.83 15.20 d d d 14.00 14.87 15.51
8 19.0 18.10 18.71 d d d 18.71 19.16 19.67
9 22.5 21.29 22.15 d d d 22.00 22.84 22.92
10 21.0 18.55 21.06 d d d 20.75 21.64 21.16
11 19.0 16.02 19.55 d d d 18.68 20.00 18.34
Absolute prediction
error (D)
1.48 ± 1.14 1.2 ± 1.16 2.26  2.06 3.14  2.09 2.68  2.04 0.78 ± 0.94 1.38 ± 1.24 1.37 ± 1.39
% of error <0.5D 27.27% 27.27% 25% 0 25% 63.64% 18.18% 27.27%
Predicted intraocular lens power with different methods was determined by postoperative manifest refraction. In adjusted central K method with SRK/T formula, K value was
obtained from the adjustment of central K. In the methods with double k Holladay I formula and Shammas method with Shammas PL formula, K values were obtained from
simulated K values on topographic modeling system. IOL powers were estimated from the online IOL calculator for eyes with prior myopic LASIK/PRK on the ASCRS website.
The predicted IOL power higher than the implanted IOL power means that the method overestimates an IOL power and causes the resultant myopic shift. The predicted IOL
power within 0.5D of the implanted IOL power was in bold.
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(range 1.72 to 2.33 D), and the mean absolute refraction predic-
tion error was 1.07 D (range 0.01e2.33D). The mean preoperative
and postoperative corneal astigmatism represented by the power
vector value (J0, J45) were (0.03, 0.01) and (0.18, 0.01), respec-
tively. The average degree of SIA was 0.41 D. Only one case expe-
rienced SIA as high as 1.9 D. All other cases had SIA of less thanFig. 1. The basic concepts of the methods using pre-LASIK/PRK Ks and DMR, including th
DMR ¼ prior laser correction as spherical equivalent; DSEco ¼ the change in manifest r
Rc ¼ refraction at the corneal plane; Rs ¼ refraction at the spectacle plane. The FeizeMannis
then incorporates the prior laser correction as the spherical equivalent divided by 0.7. The c
ﬁrst and also incorporates the prior laser correction as the spherical equivalent divided by 0.7
prior laser correction at the corneal plane from the pre-LASIK/PRK K value. The post-LASIK0.5 D. In this study, SIA contributed little to the refraction error after
cataract surgery.
The results of IOL power predictionwith different methods in 11
eyes are shown in Table 2. Of 11 eyes, pre-LASIK/PRK K values were
obtained for only four eyes. Of all methods, the Masket method in
combination with the double K Holladay I formula had the highest
precision in terms of IOL power prediction (63.64% of predictione clinical history method, the FeizeMannis method, and the corneal bypass method.
efraction at the corneal plane; AXL ¼ axial length; Kpre ¼ pre-LASIK/PRK K value;
method uses pre-LASIK/PRK K to ﬁrst determine IOL power with the SRK/T formula and
orneal bypass method uses the pre-LASIK/PRK K value to enter the Holladay I formula
. The clinical history method ﬁrst calculates post-LASIK/PRK K values by subtracting the
/PRK K value is then entered into the formula.
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used, three methods using pre-LASIK/PRK K values and DMR
strikingly overestimated IOL powers in all four eyes. The mean
absolute prediction errors were 2.26 D with the clinical history
method, 3.14 D with the FeizeMannis method, and 2.68 D with the
corneal bypass method. Adjustment of the central K method with
the single K SRK/T formula, use of the Masket method with the
single K SRK/T formula, use of the modiﬁed Masket method with
the double K Holladay I formula, and use of the Shammas method
in combination with the Shammas-PL formula showed similar
predictability (20e30% of prediction error within 0.5 D). The mean
absolute prediction errors ranged from 1.2 to 1.5 D.
4. Discussion
Many well-established methods have been proposed to correct
central corneal power without using pre-LASIK/PRK K values. It will
be more applicable to calculate IOL power using only prior laser
correction values (DMR). Central K, the power of the ﬁrst photo-
keratoscopic ring as determined on videokeratography, provided
a better correction of actual corneal power after myopic laser
treatment when adjusted by a linear regression formula.9 However,
adjustment of the central K method with a single SRK/T formula
resulted in several prediction errors after cataract surgery. Myopic
shift of greater than 1.0 D occurred in two eyes with extremely long
axial lengths. The errors may have derived from an inaccurate
measurement of these long axial lengths and associated myopicFig. 2. The basic concepts of the methods using DMR, including the Masket method, the mod
refractive power (EffRP), and adjusted central K method. DMR, DSE, LSE ¼ prior laser corre
corneal plane; Kpost ¼ post-LASIK/PRK K value; Sim K ¼ simulated K. The Masket method an
K Holladay I formula and then add the IOL power adjustment. The IOL power adjustment
another constant. Various constants are used for the adjustment calculation. Adjusted effec
multiplied by 0.15 and then calculates IOL power using the double K Holladay I formula. The
the Placido rings within the central 3 mm (ACCP 3 mm) minus the prior laser correction. Th
the double K Holladay I formula. The adjusted central K method is described in detail in thstaphyloma. Most eyes displayed a hyperopic shift after surgery.
This shift resulted from the recalled bias of prior laser correction,
which inﬂuenced the accuracy of the adjusted central K values, and
from the slight decentration of the ablation. The inaccuracy stems
from central corneal power as well as the reduced precision of ELP
calculations as determined with the single K formula.
Using the IOL calculator on the ASCRS website for eyes with
prior myopic LASIK/PRK, the data were classiﬁed into three groups.
(1) The methods using pre-LASIK/PRK Ks and DMRwere the clinical
history method,14 the FeizeMannis method,15 and corneal bypass16
(Fig. 1). These methods depended on the information obtained
before refractive surgery, which was not available in most cases. (2)
The methods using only DMR, the recalled prior laser correction in
spherical equivalent, included the Masket method,1 the modiﬁed
Masket method,17 adjusted average central corneal power,7
adjusted effective refractive power (EffRP),11 and adjusted atlas
0e319 (Fig. 2). Central corneal power was adjusted by several
parameters in different machines, including simulated K and
adjusted average central corneal power on the Tomey Topographic
Modeling System, EffRP on the Eye-Sys Topographer, and atlases of
0, 1, 2, and 3 mm on the Humphrey Atlas Corneal Topographic
System. (3) Methods that did not involve the use of existing data
included the WangeKocheMaloney method,19 the Shammas
method,18 and the Haigis-L method.20 More expensive equipment
such as the Pentacam and Galilei systems detect the real central
corneal power without correction (Fig. 3). All these methods,
except for the Haigis-L method and the Shammas method, involveiﬁed Masket method, adjusted average central corneal power (ACCP), adjusted effective
ction as the spherical equivalent; DSEQco ¼ the change in subjective refraction in the
d modiﬁed Masket method both use simulated K values for incorporation in the double
is determined with prior laser correction, multiplying by a constant and then adding
tive refractive power (Eff RPadj) uses the measured EffRP minus prior laser correction
adjusted average central corneal power (ACCP adj) uses the average measured power of
is value is multiplied by 0.16 and then used to calculate IOL power in combination with
e Methods section.
Fig. 3. Basic concepts of methods using no prior data, including the Maloney method, the WangeKocheMaloney method, and the Shammas method. Kc ¼ corrected mean corneal
power; Kpost ¼ post-LASIK/PRK K value. The three methods utilize similar concepts of deducting posterior corneal power from anterior corneal power. The Maloney method uses
the measured central corneal power to multiply a constant (376/337.5) and subtracts 4.9. The WangeKocheMaloney method uses the measured central corneal power to multiply
by a constant (376/337.5) and subtracts 6.1. The Shammas method uses the measured post-LASIK/PRK K reading from the auto-keratometer, multiplies by a constant (1.14), and then
subtracts 6.8.
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pre-LASIK/PRK K values to predict the ELP. If the pre-LASIK/PRK K
value was not available, 43.86 D was used.
According to the comparative study, we found three methods
using pre-LASIK/PRK K values that inaccurately predicted myopic
outcomes. Our results agree with those published in many other
studies.19,21,22 The Masket method yielded similar outcomes to the
adjusted central K method when used in combination with the
single K SRK/T formula. These two methods both used prior laser
correction to correct central corneal power based on an established
regression model and avoided using the information before
refractive surgery.
In addition to central corneal power, the double K strategy
emphasizes the importance of ELP prediction. The double K
Holladay I formula yielded results that were far more precise than
the single K formula. Nonetheless, only the Masket method in
combination with the double K Holladay I formula yielded reliable
predictions. The use of other methods with the double K Holladay I
formula yielded suboptimal results. The double K formulas
designed for adjusted central K should be used in the future to
achieve more favorable outcomes.
Recently, Savini et al22 found that the Masket method was the
most reliable method when corneal power before refractive surgery
was unavailable and refractive change was known even if uncertain.
This was because the Masket method omitted the double K step
required by other pre-LASIK/PRK K-dependent methods. Similarly,
McCarthy et al23 compared different methods for IOL power calcu-
lations in 173 eyes and ranked the top ﬁve corneal power adjust-
ment techniques and formula combinations as follows: the Masket
method in combination with the Hoffer Q formula, the Shammas
method in combinationwith the Shammas-PL formula, the Haigis-Lmethod, the clinical history method in combination with the Hoffer
Q formula, and the Latkany Flat-K method in combination with the
SRK/T formula. However, the use of the Shammas and Haigis-L
methods without the use of prior data avoids the use of inaccu-
rate historical information and should be considered in cases for
which certain values are lacking.
Without modern equipment such as the Scheimpﬂug camera
and the IOL master, other accurate methods can be used for IOL
power calculation after myopic laser refractive surgery. ASCRS
offers the use of a postrefractive IOL calculator online, free of
charge. In this context, use of the Masket method with the double K
Holladay I formula yielded the highest degree of accuracy.
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